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DYNAMIC BREAXING T=STS OF AIRPLANE F.iRTS*

By Heiarich Hertel
I. OBJECT OF DYWAMIC INVESTIGATIONS

The static stresses of airplane parts, the magnitude
of which can be determined with the aid of static load as-
suuptions, are mostly superposed by dynamic stresses, the
magnitude of which has been but little explored. The ob-
ject of the present investigation is to show how the
strength of airplane parts can best he tested with respect
to dynamic stresses with and without superposed static load-
ing, and to what extent the dynamic strength of the parts
depends on their structural design.

The dimensions of airplane parts are now based almost
exclusively on static calculations. The stresses calculated
from the adopted static loads must at no point exceed the
permissible stress for the given material. The stress at
the 0.2 1limit of the material is regarded as the maximum
permissible stress for 1.35 times the "safe load." The
breaking stress of the material may be reached under the
"reguisite breaking load," and the safety factor against
buckling of the parts under compression may sink to 1.

A few rules are given in the building specifications
for the permissible stressing of the structural parts which
are subjected to regular fluctuations in stress. Ia par-
ticular, attention is called to the fact that the special
conditions due to shaping, notching, threading, etc., and
in working the material must be taken into account. This
effect of local stress concentration and the working of the
material on the dynamic strength of a finished airplane
part was investigated by vibration tests. It was found
that, in metal construction, the dynamic strength of fin-
ished parts was unexpectedly small, due to thae coincidence
of various unfavorable conditions at places where the cross
sections of riveted members change abruptly. The dynamic

-

*"Dynamische Bruchversuche mit Flugzeugbaunteilen." Z.F.M.,
August 14, pp. 465-473, and August 28, pp. 489-502, 1931.
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strength of airplane parts should -therefore be increased by
suitable structural design. In static-strength calcula-
tioas no account is taken of local stress concentrations,
waich occur at places of abrupt change of cross section,
notches, edges of holes, rivets, etc. Such neglect is cus-
tomary and permissiblTe in -static~-strength calculations even
for 2igh buildings and bridges, since the inherent proper-
ties of the material preéevent any premature breazk due to lo-
cal stresses. The material stressed beyond the proportion-~
ality 1limit at points of stress concentration becomes sof-
ter and begins to flow at the yield .point, thereby avoiding
any further increase in stress which might cause rupture.
In a structural menmber stressed to the point of rupture,
the points of local stress concentration precede the stress-
es in the und1sturbed cross section only until they reach
the'V1e1d point. There then oceurs, with increasing load,
a better and often perfect egualization of the stresses. S0
that the static breaking strength of the member is not im-
~paired by the local stresses. Since the endurance limit of
thé_materials is below the yield point and in general also
below the pr0port10na11ty limit, the possible stress bal-
ance no longer avails in frequently recurring loads (dynam—
ic gtresses) after a local passing of the yield point. The
;ﬁmaterlal becomes fatigued at the points 0f local ‘stress
‘concentration, even under alternatlng loads which,; in- the
undisfurbed cross section, develop stresses far below the-
enduraﬁce'strength of the material. :A dynamic break then .
ruans from the point of disturbance (e.g., a stregsed rivet
nrole) and 1eads to the rupture of tne whole cross section.

Although ‘in airplane construction, the w1ng and con-~
trol-surface flutter must be absolutely prevented by making
these structures sufficiently rigid, and other dangerous
vibrations, génerated by the engine, propeller -or separa-
tion phenomena, should be prevented as much as possible,
nearly all the structural parts of an airplane are never-
theless subjeet to some form of unavoidable dynamic stresses.
Here we will only mentilon:

1. '"Alternating stresses produced throughout the

- whole airplane by gusts and by taxying on rough

.ground the alternations being of low frequency,
so that fallures can occur only after 10ng op-~
eratlon, -

2. Unavoidable high-frequency wibrations: of the
engine bed, due to the "unbalances" of the en-
gine, as also the alternating stresses of the
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engine bed due to oollqueneos of’ the air cur-
rent with respec» to tne propeller,

e

3. Vibration of struts es zposed to the a1r current.

No exact knowledge of tne dynamic’ stresges of air-
pPlanes exists. Recently, however,‘instruments (optogranhs
~and scratch instruments) have Been developed for recordlnb
dyaamic stresses.

In the construction of wooden alrolanes, 1oca1 als—
turbances of the tension, which are unfavorable’ for dynamic
loads, have long been avoided.’ Relnfor01ng'étr1ps and fit-
tiag blocks are tapered gradually. Even splices are made
so as to produce no notch effect. The attachment fittings
join the fitting blocks, which effect a substantial reduc-
tion of the total spar stresses. The local stress coacen-
tratioas can be easily avoided in wood comstruction, since
wood is easily shaped. The cross—sectional transitions ahd
connections can be favorably shaped, dune to tle large cross-
sectional areas required in wood construction.’ Above all,
the glue used for combining wodden parts affords a uniform
transmission of the stresses to all parts of the cornecting
surfaces

In metal airplane construction, oa. the contrary, local
stress concentrations in the structural parts are very hard
to avoid. Esrecially in sheet-metal construction, i.e., in
the use of metal plates and tube walls 0.3 to 2 mm (0.012
to 0.079 in.) thick, the making of gradval cross-sectional
transitions is very difficult. Thus far nardly any attenpt
has been made to overcome these difficulties, all the more
since structural engineers for bridges and nigh buildiags
have become accustomed to abrupt cross-sectional transi-
tions. The problem is partially solved by tXe use of weld-
ing in steel construction, which avoids the stress incre-
ments around the rivets. It is also partially solved by
elektron, with which relatlvely large cross-sectﬂonal areas
are possible and which is ver easily sbaped

Many tests have been made of the endurance strength of
materials in the preferred state of the test bar. Bven the
effect of local disturbances of the tersion through notch-
ing was investigated with test bars, but no endurance tests
of complete structural parts have yet been pub11shed

The results of endurance tests of the material in the
form of test bars can be applied to the material actuslly
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incorporated in the structures only when the stresses in

the structures, including the loecal increments, are known,
The extraordlaary effect of the: great .local stresses is
shown by thé endurance tests of airplane parts described in
this report, which were made with wooden spars and also
‘'with various metal spars. The results obtained for wooden
sparg.agree. surprisingly well with the expectations, there
being no impairment through stress concentrations. The met-
al .spars, on- the contrary, show very unfavorable use of the
material. This does not signify that they are not dynami-
cally strong enough. It is obvious, however, that the met-
al parts exhibit & very poor ratio.of dynamic strength to

. static strength.- of special dinterest are the results ob-
tained with four spars for the same wing and the same static
1bads in. cdmparative tests. . Of:- these, one was of wood one
of elektron and two of hlgh tens1le steel.

he present report descr1bes the methods of teetlﬂu'
and evaluation and gives the results of the first tests, in
which complete structural members, particularly spars, were
used. After the tests had shown: the inportanée of the Ay
'namlc 1nvest15at10n of airplane parus,=qvctemat1c tes
weéere. instituted for the purpose ofidéeternining the dvnamlc
strength of various riveted transitiocnal con;ectlons.

II. GEWERAL PLAW VOR THE EJDURAVCE TESTS

1. Dvnamlc Tests w1t Comnlete Structural Parts

.

under Superposed at tjc Loaownb-

The distribution of the loads, as assumed in the stat-
ic calculation of an airplane, is specified in the "Load
Assumptions." This is determined, for ‘the w1nt, from the
aerodynamic forces in. the different conditions of fl:sht
whaich forces are accurately enough kaown from aerodynamic
measurements and tests. In static loading tests, these
loads are increased in stages, first to tle safe load and
then up to the brealking load.

On the other hand, with dyneamic loadizg tests of aire
plane structural components, the following guestions call

for answers.

_1.: How are tne dynamic loads dlstrlbuted‘
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2. Eow great a losd shounld be used for the flrst dy-

- namic test w1th &a: structural component?

3., To what superposed (basic) stat1c load shall the
_structural component be subgected? ‘ S

4, How can . the endurance strength be determlned Ji.e.,
the- 10ad factor . at: whlch the stresses are still so small
" that the part can W1thstand any number of load reversals.

Questlons 1 to 3 are relatlve]y easy to answer for the
dynamic strength tests of simple parts.: - For example, a
Cardanic spar-strut fitting is stressed only in the direc-
tion of the strut and the load is varied only betweer two
limits, the distance of which from the point of zero load
can be more accurately determined in each’ 1nd1v1dua1 ‘case,
As the limiting cases,. one can first make a simple’ alter—
nating-load test and then, in a second test, s0 choose the
preliminary tensionr that the load will vary from zero to a
maximum value (the original strength).

For the biplane struts‘investigated in this report,
the problems of the dynamic load assumptions and load in-
cremedts are very difficult.

Regarding guestion l.- The dynamic stresses may be
produced: '

a) by exc1t-snb the natulal vibrations of the spars
- (by shocks in taxying or by Eusts)

D) by_temporary fairly high additional loads (zusts).

The load distribution according to a) is easily obtained by
movnting the spar on the test stand corresponding to its
'1nsta11at1on on an airplane and then setting vp its natural
vibrations. ~The load distribution accerding to b) is but
little known and, since it differs in any case from the
load distribution a, it is difficult to réproduce in the
vibration test.  Within certain limits, -deviations from a
" may be effected by attaching suitably distributed masses to
the spar. In the previous experiments with whole spars,

" the natural vibration of the spar was utilized for its dy-
namic loadlng, no spec1al masses being attached, The un~
avoidable masses of the covibrating guvides and suspension

"“deévices for. the statie, superposed loading correspond ap-~

pro 1mate1y to the masses of the 1nter:or w1ng structure,
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which are also securely attached to .the spar in the com-
prlete wing. ot R

fRegarding gquestion 2.~ The magnitude of the dynamic

stresses of the spar due to matural vibratioas is charac-~
terized by the amplitude a at the tip of the spar. For
the first: Loading stage of the dynamic tests with the ia-
vestigated spars, the practical amplitude & 'at the spar
. tip was obtained from the experiments with the first -gpar
of this series. According to a preliminary test with a =
3.2 cm (1.26 in.) and according to the alterhating stresses
measuvred, it was f£ikxed for this spar at a = 5.9 cm (2.32
in.), at which: the maximum dynamic stress, without consid-
ering the stress concentrations, was' + 12“kg/mm€'(i'172068
"1b./sgvin.) for a tensile strength of 120 keg/mm?2 {170,380
1b./sqg.in.) .0of the material.. It was assumed that ndo break
-could otcur at alternating stresses of only 10 per cent-of
the ‘tensile gtrength. The amplitude-was to be increased
after 2 X 10% load reversals, but ripture occurred after
only 0.44 X 10° load reversals. Hence .iin the succeeding
spars of like static strength, the amplitvde at the first
loadiing stsze was fixed at about 2.5 .em {0.98 in.). Ia the
~firist loading: stage all the'sparsfwithétdbd'z.xilos-lbéd
reversals, and the amplitude was' then increased,.’ B

" Regarding guestion 3.- The superposed :or basic static
load corresponded to the load factor np = 1.25: and was
therefore a little less favorable than in cruising flight.

Regarding guestion 4.~ If the fatigue test of a sample
bar is begun with a sufficiently small alternating load, if
" this load is gradunally increased by stages, and if the Dar
is subjected, in every loading stage, to the criticel re-
versal number, under a certain alternating load, up to! fa-
tigue fracture, the endurance strength of ‘the material is

.not. determined. The endurance strength of the material is

"increased by slowly increasing the alterrnating: load. This
method of increasing the load by stages was neverthieless
emnloyed in the dynamic spar tests, since a very great num-
ber of: spars of like design would have’ been necessary for a
determination of the actual endurance strength,’and the un-
avoidable deviations of the: individual spars would have
concealed the .effect of the improvement inh theé endurance
strength. of the material., Moreover the alferhating stresses
- exnerienced by . a spar in an ailrplane areso Airregular that
the comparison of these alternating stresses with the en-

. durence strength of the material is.not frebd from objection.
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2, . Superpbsﬁé.static Iqé@é]

For determlning the elast;c cheracterlstics of the
._spars. static tests were made before the -dynamic tests.
(ef. Iv, 2__c ) The load was 1ncreased to ‘the requisite
‘safe load, since the spars, even on an airplane in flight,
are subjected to this static stress.

- . 12

3. Dynamic Tests with Pieces of Broken Spars

T " . ER

, In the dynamlc tests the spars broke in. the vicinity
”of the steel flttlng, where the maximum, bendlng moments oc-
curred and the cross- sectlonal tran51t10ns Jrad..a dynamically
detrimesntal éffect. Since the break was 11m1ted to one:
Place, loading tests could be made. with the remaining
pieces. In these tests there was no obJect in producing a
combination of dynamic load. and. saperposed statlc doad cor-
‘respondlng to that on.an alrplane in flight, These pieces
of spar were supported at two points and subjected to sim-
"ple alternatlng stresses. by the exc1tat10n of natural vi-
brations. ' Opnly in one case.was a superposed static load
apelled in such a way that the stresses alternated over the
entire length of the spar from zero to a maximum value..

- III.. EXPERIMENTAL APFARATUS . . - 1

1. 'Meuntingftﬁe Test Spar

The spars (upper Wlnb Qf a br ced blplane) were mounted
correspondlng to their position in an airplane. on its back.
(Figs. 7 and 8. ) The end . .fitting of the spar.was fastened
to a heavy iron test frame of about .10,000:kg (ahout 22,000
1v. ) The bracing cable, runnlnp, in. the 1nverted ‘position
- of the. airplane, obllquely upward to. the fuselage ‘was re-—
placed by a.pendulum support running obliguely. downward (to
“the rlght in Figure 7). This rested on a rigid wooden sup-
port anchored in the floor of .the laboratory. The support
of the spar .was therefore.very:.rigid. It was found that
the more rigid the support, the better the vitration test
proceeded, .i.e.,. without beats and without neise. . Original
attempts to use rubber pads under the support utterly
failed. The spar supports are also guite rigid on an air-
plane.
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Vibration tests can be made on an elastic stand only with
the whole alrplane or with symmetrical parts. The only
disadvantage-of a rigid svpnort lies in the fact that con-
siderable énergy is transmltted to. tne foundation, thus
rendering impossible the measﬂrement ‘of the:energy absorbed
by the spar itself in the dlfferent sta{_“eu of the test.

The spar was guided by hlareﬁ parallelomrams (figs. 16 and
23), so that it could not tip, bdbuckle or vibrate s1dew1 €

2. The Unbalance

' Theé natural v1orat10ns of the spar were generated b"
.means of a revolv1ng unbalanced weight or "unbalance." .The
double unbalance, vhlch was clamped to. tAe spar,- is shown
in Fizure 1*. The housing conslsted of the ground plate G,
the side walls - W and a cover. This housing contained the
driving gear Z and the two unbalance'oears G, -and. Uy .
" The wheel 2 'was driven bv tae flezlble shaft 3B . through
-the coupling K. :Tn order to free tke latter.from bending
moments, the support § ‘was rigidly attached to the hous-
idg. The wheel 2 engaged U, . The.vheel U, was
drlvea either by U. or by _z, .according to the position
of «the adgustable bear:mb Ll.' The bearing L, was fizxed.
To the unbalance wheels U, and T, were attached lead
masses I, and LAY which made tlie wieel unbalanced. The
protecting net around ‘the unbalance is not shown in the

piotograph.

In the spar tests the wheel U, was driven by U,
(cou“ter~rotation). The masses M and M, were symmetri-
cally arranged. Ia- the ‘test, therefore, only the vertical
. foreces acted perlodlcal‘" on tlhe spar. These double un-
balances were too neavv."nd too broad for two spars, so
- that the single unbalance shown in Figure 8 was used, the
all-gided e€xcitation of ‘wkich, did mno harm when suitabdly
applied near the end support. The unbalance was driven,
through a flex1ble shaft, by an adgustable direct-current
-motor or' by amn alternatlng current motor. with an interme-
diate adjustable friction wheel. The characteristics of
the varloué driv1ng mechanlsms are descrlbed in- Section V.

* For tne various uses” of double un“alances, see Sphht,
V.DusIl.; 1930. Double unbalances are also used in the D V.L.
for investigating the vibration characteristics of whole
airplanes.
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Figure 9 shows a plece of spar as a beam on two sup-
ports and a pendulum support wath unbalance near “it. The
‘lead masses screwed to the spar reduce tne natural vibra-
- tion number.

3. Test Wedges, Optograph, Tachometer, Tachograph,
Scratch Instruments .

a) Test wedges

Tne test wedges served fOr d1rect measurement of the
v1brat10n amplltude. ‘ThHeir mode of operﬂtxon is-shown in
Figiure 2. The smaller the amplitude at the measuring
point, the smaller the wedge angle chosen.: Figures 6 and 7

.. show the d1str1but10n of the twelve test wed#es along the

spar, wherebJ the wedge angle was adapted to the amplitudes.
With the smallest of the wedge dngles hére used, amplltudes
of only 0.1 mm (0.004 in.) could be easily read.  The bend-
ing lines obtained w1th the a1d of the test wedges were very
accurate and no troublesome calculatlons were found neces~
SaATY .

.b),Optograph

The t1me rate of uhe V1brat1ons can be accurately re-
~corded by the optograpn* ‘Figure 3 conpares the flexural
or bending lines in vibrations, as measured by the test
wedges and by the optogreph Tne agreement is good

c) Tachometer and tacnograph

The frequencv of tne spar V1brat1n5 in resonance
) agreed with the revolutlon speed of the unbalance. The lat-
ter’ was measured by & tachometer which was connected with
the unhbalance by a string drlve._ (Fig. 7:) The number of
load reversals could "be read on'a 1:20 countlng mechanlsm
. which was applled to the motor.j In- a few tests the’ revolu~
':t1on speed was recorded by a’ D V L. tachograph. (Fig. 30 )

"d).scraﬁgh:instrument.

The'alternating,stresses;were measured in a few in;:
“*Hans Georg- Kﬁssner,."Optlsch—nhotographlscne Forménderungs-
‘messungen." D.V,L. Report ‘194, Z.F.M:; Vol. 21 (1930) pp.
433-440 and D.V.L. Yearbook 1931, ‘pp. 227-234. For trans-
lation see N.A.C.A.,, T.M, No. 610. I -
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staneéé with the aid df*séraﬁéb ‘ingfryments, for the check-
ing of the stresses calcduldated from thse meusu ed vibration
bending iines. (Cf. IV, 2, a and b.)

4. Superposed Static Load

a) Elastic suspension

‘In the superposed static loading of the spars ia the
Yibration -test, the weights were suspended on soft rubber
shock-absorption cords. (Figs. Ba and 7.) ‘A hardwood
block provided with small guide strips was plaCed on the
spar. " Through this block passed a s¢rew bolt with a nut om
each end whlcn clamped the cord against the block The rub-
ber cord carried a pulley, through which passed the pia of
a clevis, which, in turn, carrled the weight. The pulley
was essential, becduse the two parts of the cord stretched
differently during the test. Previous methods of suspen—
sion led to early breaks in the cord. (Figs. 2 and 38,)

The best shock—absorblng system was determlned from
-static and dynamic tests. For heavy loads, fabrwc covered
rubber cords of 17 mm (0.67 in.) diameter are now used.

The number of cords should be such that each cord will car-
ry a load of 50 to 60 kg (110 to 132 1b.). For this diam-
eter of the cord, the best results were obtained with a
preliminary load of 65 kg (143 1b.). The load-elongation
diagram (fig. 4) shows that, with a new rubber cord, tiae
elonzation was the greatest for preliminary static loads of
50 to 65 kg. The rubber cord was somewhat less elastic aft-
er a long vibration test, as shown by the dash line in Fig-
ure 4. It should be as long as possible. The tests showed
that a length of 60 cm {(about 2 ft.), as measured in the
unstretched condition, was adequate. The preliminarily
loaded cord then had a-length of 1 = about 85 cm (33.5 in.).
The elastic constant for the new cord stretched with a pre-
liminary load of 65 %g (143 1b.); then became c = 1.2

g em *and increased in the endurance test with several
million load reversals t6 ¢ = abdout 1.7 g cm ' This
elastic constant remained practically unchanged for a trav-
el of + 6 cn (2.36 in.). Greater travels did not occur in
the vibration tests., For light loads, fabric-covered rub-
ber cords of_5'mm,(0.2‘in.):were used, the number of parts
'?eing su;h that each part carried a 1load of about.4 kg

8.8 1b.). T ’ T . '
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b) The motions of the preliminary loads

Let the suspension point H' of-the mass M (Figs.
5a and 5b) undergo a harmonic vibration of the rapidity
v(sT*¥). Let the distance of the suspension point from the
zero point at the instant t %bPe 4 sin vt. Let s denote
the deflection of the mass M at the instant +t. Let the
effective elastic constant be é(kg cm™1), ‘Then the vibra-
tion equation for the elastically suspended mass M, disre-
garding the reaction on the vibration of the suspension
point, the damping and the masses of the suspension cords,
is o .

2
M == - cld sin (vt) - s] =0

The general solution of this diffeféntial equation reads
s = A sin V"t + B cos V't + r sin Ut

Two differentiations of & and introduction into the dif-
ferential equation yield the coefficients

If the observation is begun at the inétant waen both H
and M are at rest, then, with s = 0 for %t = O, B=20
and consequently

s = A sin m/g t - %~—~ sin vt
M l_E-UB

Accordingly two vibrations may be superposed whose rapid-

ities p!' = ‘/9 (natural vidbration of the elastically sup-

M
ported mass) and 1 are widely separated. Their ratio is
approximately : '
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The coefficient A of the first slow vibration is deter~
mined as follows for the endurance vibration test, in which
a definite periodic state of vibration must develop. It is
assumed that the vibration p! is completely damped out at

t = 0. PFor this time we then have
§-_§_ = Avp! + __._.E‘-__D_____ = v = ____Q._.P._-_._
° 1 - % v? 1 - % ®
and hence A4 = 0. The vibration of the mass M in the en~

durance test is then

§ =~ sin vt

and half the amplitude is

Spmax ~

For the elastic constants chosen in the tests

~~S§ —— = 0.029 (s%)

k’). — R —
c 1.7 981

and the rapidity occurring in the tests

» = 100 (7%
we obtain
Smax _ 1 - - _1_
d L 390
c
For a very great vibration amplitude of & = about 4 cm

(1.57 in.), the deflection of the mass is therefore only

Smax = 0.0l cm (0.004 in.). 1In the tests therefore no mo-

tions of the superposed static loads could be established.
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c) The additional dynamic stresses due to the

superposed 1oad
As already shown and conflrmed by tests, the motions

-of ‘the masses of the sanerposed statlc load were negligibly
small. The dynamic additianal 104ds of .the superposed
static load were affected only by tae deflectlons of the
-point of suspension and by. the elasfi¢ constant and were
therefore easily calculated.. The addltlonal loads could be
reduvced in proportion as. the elastlc cord was gsofter (and
therefore longer),. Despite the fact that the length of the
cord, 85 cm (33.5 in.) for the spar tests in the condition
of superposed load was limited by the height of the test
apparatus, the additional forces in the tests were very
small. Figure 6 compares. the superposed static load and
the additional dynam1c load for the wooden spar II for an
amplitude of 4.4 cm (1.73 in.), @ =.2.2 cm (0.866 in.).

The inertia forces and the additionsl forces, however, were
opposed.  In.general the additional forces could be disre-
garded. Moreover the additional forces, due to the elastic
suspension of the superposed load, could be eliminated by
additional masses, firmly bound to the vibrating suspension
poidts  H. As will be shown, the inertia force of a vibrat-
ing additional mass at the reversal point of the motion was

S 3
P .— mxdxv

as compared Wlth the add1t1onal elastic force

Prz = %x°x
The forces,cancel,out,‘when
’ Py T Py =0
so that. . E R
Qy €y = mydev® = 0
" or
c_
. _ Tz
b S
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d) Advantages of the freely vibrating superposed load

If instead of suspending weights, the force is gener-
ated by anchoring the cords to the floor, the 2dditional
dynamic forces will remain the same. It is difficult, how-
ever, to equalize the tension at the numerous loading
points (11 in spar II). . BEvery cord would require a dyna-
mometer to verify the preliminary tension, because the rub-
ber cords continually stretched in the endurance tests.

The suspension of a constant superposed load on a rubter
cord is therefore simpler and more accurate than anchoring
he cord to the floor.

5. Excitation of Natural Vibratioms ..
by a.Revolving Unbalance

a) The 16,000 kg (235,274 1b.) test apparatus

Figure 10 shows an endurance-test device, which was.
developed from the device for testing spvars. Here the
structural part to be tested did not vibrate of itself; but
was periodically stressed by a loading lever D oescilla-
ting in its natural-vibration number. This lever, consist-
ing of two channel irons, was so mounted statically determi-
nate on two vertical supports A and 3B, that there was a
long overhang (toward the right in the picture) of 20 per
cent of the whole length. A double unbalancé G was se—
curely bolted to the free end of the overhang. This un-—
balance was driven by a direct-current motor through a flex-
ible shaft K. Moreover, for the test in question, a super-
vrosed static load H was suspended by rubber cords from the
overnanging end. The lever DT was secured against lateral
tipping, turning and oscillating by two hianged parallelo-
grams E which are only partially visible in the picture.
Thae horizontal rod ¢ held the whole ampparatus in place
longitudinally. The single vertical bearing A (at the
left in the picture) was provided wita a round steel rod as
a pendulum support. (Fig. 11.) This rod was supported be-
tween transverse kunlfe~edge beariangs, roller bearings hav-
ing proved unsatisfactory. The test rod was made so long
that elongation measurements could be made on it with
scrateh instruments of 20 cm (7.87 in.) gage length. Ia
the test, due to the superposed static load, it was always
stressed in compression. In the original form, tae device
was provided with a tension member at the bearing A. TFa-
tigune breaks often occurred at the junction of the tension
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rod, The part to be tested (in this case a4 connecting rod)
was mounted on the bearing B. The connecting rod formed a
“péndulum support between central %nife-edge bearings. The
supports A and ‘B were firmly anchored to the base L
over a neavy 1iron rail.

The lever D was now set in vibration by the revolv-
ing unbalance, whereby the bearing force at B was wuntilized
for the loading test of the counecting rod; The amplitude
line of the lever D was determined by the measuring
wedge. In the experlment shown in Figure 10, the load al-
ternated between O and 16,000 kg (35,274 1b. ) with 'a fre-
quency of 560 times per minute.’ At this stage the device
had withstood about 10”7 load reversals. Its vibration num-
ber could be changed somewhat by addlthﬁal welghts F on
the overhanging end.

Figure 12 shows the endurance-test apparatus for 38,000
kg (17,337 1b.) load. In this case the structural part to
be tested was mounted at the bearing A. Figure 13 shows
further details. With a suitable form of the mountings A
and B and the use of various superposed static loads, al-
ternating loads with any desired zero point couwld be ap-
plied to the 16,000 kg (35,274 1b.) aprvaratus. The results
obtained with this apparatus are given under IV, 2, b.

b) The vibrating mechanisn

The application of the vibrating mechanism is shown in
Figure 14, A spherically-headed bolt was firmly clamped in
its spherical socket X by tightening the screw cap. In
transverse vibrations of the strut joined to this bolt, al-
ternating bending moments develop in the shaft of the bolt,
which, with sufficient amplitude, necessarily cause fatigue
breaks. The durability of the bolt under this stress had
to be determined by experiment. The fitting A was screwed,
with the bolt, to the wooden beam B, ~which was provided
with an unbalance e, A substitute iron rod D, instead
of the strut, was screwed on the thread of the bolt. The
unbalance was driven by the direct-curreant motor E - through
a flexible shaft, and its revolution speed was so adjusted
that it was in resonance with the aatural vibration number
of the rod D. The vibration bending line of the rod D
was determined with measuring wedges, The alternating
fixed~-end moments can be very accurately calculated from-
the bending line, the rod masses and thae fregquency. Figure
14 also shows the superposed load, applied through a rudbber
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INTERFRETATION OF

THE RESULTS
Stresses_Resulting

of the Spar

The inertia force Px v1brat1nf spar sectlon at
“the point x ‘with the mass my is
T = .'l.']‘.
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.
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The distance (s)-time  (t) equation of the vibrating

masses “mxm‘readslﬂ
: . o s
— X s
Sy = 5 sinvt
The velocity is then
o S .
Vx— d: = 2 VP cos Vb
and.the.acceleration
2
d a
b, = __i; = - UEE% sin vt
dt

The maximum acceleration occurs at the reversal point of
the motion, where

' Ve = 5 p cospt =0
and hence, witﬁ
cos pt =0 and
sin vt = 1,
we have
bx max = - V7 %%

The maximum inertia force is therefore

. g
= - m =
P-x xV 2.

or

2
?x = - 0.00548 a;, m, ®
In all these vibration tests, the mass distribution,
the amplitude line and the rapidity of the vibrating parts
or of the vibrating lcad apparatus were determined and the
dynamic loads calculated from them. A few examples of the
method of determining the inertia force are given in Figures
18,-20,'24, 25, 32, 34 and '35.  The dynamic bearing forces,
bending moments, tensile forces and stresses were calculated
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_.from the inertia forces by.well-known:methofs,:: .

Of course the masses of the parallel guides and of the
unbalance had to be considered-in connection with the mass
distribution. Because of its great mass, it was advisable
to install the unbalance near a support. The double unbal-
ance weighed about 20 kg (44 1b.). This‘'also Led the ad=
vantage that the additional stresses from the centrifugal
forces of the revolving unbalaﬁoes were small (chiefly neg-
ligible). The centrifugal forces of the unbalsnce in the
16,000 kg test apparatus had to Dbe taken into con51cerat1on,
however, since they were exerted at the end of "‘the’ 1oqg '
overhanging arm.

2. The Checks of the Dynaﬁic Stfess
(Inertia-Ferce)-~Calculation -~ -

The above method is doubtless all right, dut a check
is often desired, especially . when .the mass digtribution is
less accurately known. The various chécks, which nave thus
far been used in the tests, will now be briefly described.

a) Direct stress measurements with scratch instruments

The mounting of the steel spar I for static loading is
shown in Figure 16. It was only slightly modified for the
dynamic tests, as shown in Figure 17. Scratch instruments
were mounted on both flanges of the overhanging arm at 50 cm
(12.7 in.) from the supporting strut. These instruments re-
corded the elongation and the stresses during the vibration
test. The tensometer could .be used only in the v1c1n1tJ of
the support, where the v1brat10n amplltude of the spar was
small, Farther from the sunport the vibration amplitudes
and consequently the accelerations of the instrument masses
were greater, thus requiring excessively high clamping
forces for the instrument. Figure 18b shows the course .of
the accelerations throughout the length of the spar. In the
turning point of the motion at the tip. of -the spar, the ac-
celeration was about 23 times the acceleration due to grav-
ity and was pr0port10na1 to the amplitudes throughout the
length ‘of" the spar. " The maximum acceleration at the fixa-
“tion points. of thé scratch- 1qstruments was 5.5g.. 'Pigure 19
shoys the Tecord of a test., It shows the 125-fold magnifi-
¢ation of ‘the altérﬁatlng eWOngatlons of ‘thHe lower: flaune
for an ‘amplitudé of 36 ‘mm (Iv42 in.) “at “{he tlp ¢f the spar.
On the assumption of a Young's médulus of ‘B = 2.2 X’ ‘108"

ke/¢m®, the altérnating streéss- é}w + 410" kg/cmz (+ 5,832

1D. /sq in.). When reduced to the maximum amplitude 8max =
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4,44 cm (1.75 in.) investigated in Pigure 18, the experi-

mental alternatlng stress becomes Ogy = + 505'kg/dm2
(+ 7.183 1%. /sd.in.) as compared with the calculated alter-
nating stress of Oyr = 530 %kg/em® (+ 7,538 1b./sqg.in.) in

Figure 18, The & per cent deviation is small enough, but
the anguler eIongat*on record with superposed secondary vi-
brations -in Figure 19 is less. satisfactory. The disturb-
ances are largély ascribable to the poor fixation and the
relatively high instrument accelerations of + 5.5g.

b) Scratch-instrument measurements of the
dynamic reactions of the supports

The reactions of the supvorts- obtained from the calcu-
lated inertia forces can be checked by stress measurements
on the supports. The measvrements are simpler, because the
_instruments undergo only very small alternating accelera-
tions at the supports. The supports must, of course, De
suitatly constructed. Fence these measurements were omitted
in the spar tests. The test of the connecting rod was made
with the 16,000 kg (35,274 1b.) apparatus., {(Figs. 10 and
11.) There was perfect sgreement between the directly meas-—
ured stresses and those. calecwnlated from the inertia forces.
The calculation of .the latter is illustrated by Figure 20.

hisg figure is especially . intended to show the distribution
of the masses and the bending line of the lever. The lever
turned principally about the very rigid pressure bearing B,

while the less rigid bearing A (with tensile forces in the
suprorting structure) yielded more. Fifty per cent of the
end amrplitude of the overhanging arm was due to the turning
of the lever, while the rest of tihe end amplitude was due to
the bending of the lever itself. A few selected records are
shown in Figures 21 and 22.

.The records in Figure 21 were made for a load of the
connecting rod of + 4,000 kg (+ 8,818 1b.) and a superposed
static load of -4, 000 kb.

The two records were made slmultaneoule by two scratch
instruments (D2 and D2R2) clamped to the opposite sides of
the test bar. The difference in the amplitudes of D2 and
D22 is due to the bending stresses caused by the support
not being exactly centered. The interpretation of the dia-
grams, which are magnified 110 times, yielded tlie-results
given in Table I. . o ; o
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Table I Enduraﬂce Test.of.a Connectlnb Rod.

'-‘._'r.j

i 1 T I
N Total NE Half "o e Cross Force
- I#strqm§¥F amp11tude amplltude Styg”slsectlon FI P
"D2 [ ‘D22 mm % 107" |mm .10~ I g/éﬁ?tj*cﬁif "kg
T e e i
19.5 | 12.2 15.85 7.93 {1,010 ; 7.07 |-7.,127
. . o Calculated P = -7,207

cm® X .155 = §s¢ein. =
kg/cn® X 14.2235 = 1b./sq.in.’ C
o i X .039@7-* 1n.;ﬁ;rg X 2.20462 = 1b,

The agreement of tne calcvlated results (from the 1nertla
forces) and the .exp erlmental results is exceptionally good.
The straight lines in the records are zero lines,. the posgi-
~tion of whiich is nevertheless arbitre Ty . The records are
guite regular vave forms. The amplltudes of the high-fre-
qunCJ secondary v1brat10ns are 1ns:gn1f:cent '

Figure 22 is a hundredfold enlargement of a record of
*.a connecting-rod test with an alternatlnb load af about’

+ 5, OOO kg (+ 13,228 1b, ) and a ‘superposed load -of about
-6,000 g in the econnec tlng r06 With a huvndredfold en-
largement, amn amplztvde of 1 mm (O 04 in.) corresponds to
a foree of 785 kg (1,685 1b.) in the test bar. In addition
~to the vibrationral stresees the zecord also shows the fol-
'low1n; baslc elonva+1on 11nes.'

'-a) Indxcatlon.of the instrument for.the_statienary ma.—
chine with superposed static load, I -

b) Irdication.of the jinstrument for the stationafy ma-—
chine without superposed,static load. RN :

In the following example the viﬁratiOn record.is eval-
uated and compared with the calculated inertia forces.

Test
6. 65 ‘mm half—amplltude corresponds to Pd .~¥ﬂi 5,100 kg
(0.262 in.) 5 (411,244 1v.).
7.70 mm static dlsplacewent correSDOnds to Py .= - 5,860 kg

(-12,919 1b.)
Total P = -~ 10,960 or -730 kg
(-24,163 1b.) (- 1,876 1Db.)

(0.2303 in.)
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Calculation

Force in test bar from inertia forces P, = +5,479 kg
(+12 079 1b.)
Force in test ‘bar from superposed static load-
P =~ 5, 850 kg
S ,.( ~12,897 1b.)
Total P'= ~11,329 or —371 kg
(- 24 976 1v.) (-818 1b.)

‘The vibrations are not very pronounced .s0 that the
result of the evaluation is not so good as for Figure 21.
The most important thing in Figure 22 is the experimental
proof of the Shlftlng of the zero. line of the loading by
the superposed statlc load, :

c) Comparison'of the measured bending line
with the bending line calculated from:

o) The inertia forces and the course of the experi-
mentally obtained bending stiffnesses EJ along the bar,

B) The inertia forces and the influence coefficients
for the spar deflectlons, as determined in the static tests.

a) If the inertia forces of" the vibrating bar (from
the vibration bending line, masses and frequency) and the
bending stiffness BJ along the bar are known, the bending
line can then be calculated by well-known static methods
(graphically according to Mohr; mathematically according to
Mﬁller—Breslau). If the calculated bending line agrees well
with the measured, it is a proof of the correctness of the
determination- of the dynamic stresses, into which errors may
creep, €.g., through false assumptions of the mass distribu-
tion. The course of the bending stiffness EJ can be cal-
culated quite accurately for metal spars. Experimental de-
termination is desirable, however, for wooden parts, because
of the unknown Young's modulus which varies along the spar.
Figure 16 is. a photograph of a static test. The deflections
are read with the,leveling instruments on the measuring
.strips, and the flange elongations are read with a Huggen~
berg tensometer. ‘From the measured bendlng "lines we obtain
the EJ curves by two differentiations, which however yield
relatively inaccurate results. Very accurate EJ curves
are obtained from the elongation measurements
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M (dy +¢ d
BJ = ¢ u) in kg/cm

- !

o ~ o

when

i, .. tne bendiqg moment in kg cm in the tested cross section,

€ the comn*ess;on or elongatlon of the lower flange as
Heasured at the distance du (cm) from the zero line,

go; tne elonbatloa sr compr6331on of the unper flange as. .
: measured at the dlstance o (cm) from the zero 11re.

mhe determination of tae EJ 'vaTues apd the comuarl—
son of the measured and calculated vibration benalng lineé’
for the wooden spar I are shown in:Figure 24, The order of
the measvrements is shown in Figure 23. The measured
streins (calculated for stress with. E =. 146,000 kg/cm
(2,075,831 1b. /sq in.) are compared W1UH the purely mathe-
matical values “in. Figure 24b. -The.. BJ .values calculated
from:thé'elon -ations are plotted in Flsure 24c along with,
the inertia moments J.

._E,z ?Fégp;/Jcalc. = 145’000 1's/crﬁ

The deﬁiatidns'ot YouAé's modulas from tnls niean value ih
the ‘individual cross sectlons are apnarent from the plattiné
alqu t e sDar. ' :‘- . : :
In Fisﬂre 24d to 24T are plotued tqe ma'ss dlstrlbutlon
.Ld for the dyna 'ic test, thde vibration bending line ' e . and
“tlite 'tnerefrom ca;culatec ‘inértia ‘forces £ for the vibra-
"uloﬂ number - 1, 120/m1n. From these inertia forces and
“tthe e: Uerlmental bendlng stiffnesses 'EJ,  ‘the bending lime
“Ls again calculated ai¢cording to thie method of the "elastic .
: -ts“"anu comﬂared in ‘Figure 24¢ with the.diréctly meas-
'ﬁured ‘bending line. Taé calculated line shows oniy abont 5
nér cent greeter ‘defléctions.: Otherwise the two.lines
agree Very well. The 5 pér cént discrepancy is - attribut-—
‘iaole to 'the fact that the 1dad acted for 'a long :time .in -the
_ deterrlnatwon of the - EJ T valtes :In "th e static test, where-
'ow the’ dlstort1ons ‘Were- greater t}aﬂ intYery : short 1oad1n S,
as in the vtbratlon test : : - : :
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6) The method described under a requires a greater
number of tensometers. It also has ‘the disadvantage that
the shearing distortiomns are disregarded in the recalcula-
tion of the bending line.  Another simple method was there-
fore adopted for the wooden spar II. The bending lines of
the spar were measured at 21 points under a static load of
150 g (330 1b.);. which was successively applied to 21
cross sections of the spar. The deflection at the Dpoint i
on the sper resulting from a unit-load at the cross section
k is designated by &i3.- . The influence coefficients were
obtained from the test w1th a shifting single 1l6ad. The
bending line can now -be calculated from the inertia forces
and influence coefficients. -

The inertia force 1s calculated for the wooden spar II
in Figure 25, while the influence coefficients 831~ are
civen in Table II. (See page 35.) The vibration bending
line, as recalculated from the inertia forces and influence
coefficients, 1s compared in Figure 26 with tue directly
measured vibration bending line. The agreement of the two
lines is very, good. Contrary to expectation, the calculated
deflections are smaller than the measured ones. This dis-—
crerancy is apprareantly due to the buclkling effect, which is
not coantained in the influence coefficients. The method of
checling the calculated inertia forces by recalculating the
vibration bending line with the aid of the influence numbers
8:..» was also used successfully for vibrating spars ia the
wilis structure.

The comparison of the calculated with the measured vi-
bration bending line of a two-spar wing in Figure 27 shows
satisfactory agreeuwent, so that the approximately calcu~
lated mass distribution of the wing is sufficiently exact
ant can therefore be used with satisfactory accuracy for
every other dynamic verification. Moreover, tihe agreement
of weasurement and calculation shows that the static in~
filnence coefficients &, can be introduced even 1rto dy-
nanic calculations witlii adequate accuracy.

V. EXECUTION OF THE TESTS
1. Driving the Unbalance

The executlon of tue test depends very largely.on the
method of- derlnP t;e wnbelance. oL
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a) Alternatlng—current motor with adjustable
fr:ctlon drlve

This method. is well adabted for determininb resonance
- ecurves, because it is p0551blc to. .adjust the driving gear
so as to majintain any exciting frequency., | If, -in'an endur-
-ance test, the friction drive is.so adjusted as to produce

esonance between the revolution speed:of the unbalance and
the natural- vlbratlon rapidity of the structural part,;, tae
test then.requires no:further specaal attentlon, because no
.cessation of:the resonance is.-to. be feared so..long as the
spar does not begin to brealt and.the. bearing conditions do
not materially change.

b) Direct—current motor wiﬁh Leohard'control-.

-Bnyhisnmethbd.énﬁ.desire&'revolutibn¢speed can, be.
easily. obtained without .the. use of .the.-friction drive which
increases the dlfflcultJ of - uettlng up t e testing apvaratus.

c) Adgustable direct-current. motor

The adgastment 1s made elther by tne Upnard adjustment
of a . motor of smaller. revolutlon speed ‘than.the resonance
Ta nldltJ by weakening the field, or by the downward adjust-
ment of a high-speed motor by wealleniag the armature cur-—
rent. The speed of the direct-current motor depends on the
powver absorption of the structural part and on the fluctua-
. tions in the voltage.  Hence an endurance vibration test
with direct~current drive requires close attention. 3y
warning or by voltage fluctuations, the motor is apt to
lose. its accurate13 adgusted resonance and beg1n to race.

2. The Phpnomenon of Breaklng

- -The sensitiveness ofjthe adjustable direct—current mo-
tor is very favorable for the execution .of the test at the
beginaning of the dynamic break¥. The change in the power
absormntion of the vibrating part by the dynamic brea is so
great that the incipient breal: 'is immediately evidenced Dy
the irregular course of the vibrations and the racing of

the motor. If these sigms of -a breax-occur, the test is
immediately interrupted and the brealt discovered in its ini-
tial stage. Tigures 28 and 37 show breaLs of this charac-
ter, which were discovered by ‘the timely i terraptlon of the
tests. In a resumption of:the test, the brea_ advanced -
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about a centimeter during about 11,000 load reversals. The
brealr was then completed in about 300 more load reversals.
Figure 29 shows, in the evaluation of an amplitude record
made with an 0ptograph, that no regular vibration could be
obtained after a- dynam1c brean; diie to the coustantly chang~
ing power absorption ghd stiffness of the spar. The anmpli-
tude izncreases a¢ theé breal progresses, whilé the natural
frequency decreases. -The revolution speed diminishes inm-
-mediately before the complete break, ‘due to ‘the great en-
ergy absorption for the work of brpa“lng. As soon as the
brealr is completed, the engine begins to race. A" section
of the revolution-speed record for tue ‘steel spar Iis
shown in Figure 30.

3. Dlscovery of ‘a Dynamic Breal

This is often very difficult. TFor metal spars with
closed sections, the following method is recommended for
finding the bdbrealr, Before the bezinnring of the vidbration
test, the inside of the spar is smeared with thick dark oiil,
while the outside of the spar is xept free from oil. Thae
great accelerations occurring in connectlon with the vibra-~
tions force the oil through even very fine cracks, so that
it apnears as a dark line on. the outside of the spar. Where
rivets are used, this method will show whether they are
tight, because loose rivets would let the oil through.

VI. TRST RESULTS
1. Steel Spar I (Welded)

This spar was made of thin Swedish chrome-nickel steel
plates of 125 kg/mm 2 (177,794 1b./sq.in.) tensile streagth
forming a box with point-welded joints. (Flb. 3l.) With
respect to the vibration strength, the flange material was
very L1favorab1y affected by the welds between flange and
web, waich lay in a highly stressed part of the flange.
Moreover, at this point of weakness, local stresses were
procduced by the tranpsmission of forces at the junction
points. Two tests were made.

a);Enti:e spar
The mass distribution, bernding llne. inertia forces,

dynamic stresses and 'superposed static stresses due to the
load factors n, = 1.3 are represented in Figure 18. The
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'imogt impoértant: numerlcal valines obtalned durlng the test

a;e nven 1n Table III. ‘f‘-;“”m

The ' break in ﬁhe lower: flanve oF" the inner bay near’

i the strut -fitting proceeded; as shown in Flgure 31, from
~:the ‘middle- of the -weld point 2" to the middle of” the op-

posite. ‘weld b01nt.- ‘A piece’ of the_gtrut fitting" was torn
off at the’ 001nt of ‘rupture ‘a. The ruﬁtvre of the ‘web oc-
ciirréd - after that of thé flanre. "It is wortnv of” note that
thé bredk’ 6ccurred -at: tne f"rst weld wnlch JOlned tne strut
fQutJﬂﬂ to the ‘flange- and: wnlch then gave rWSe to great
stredses’” The flange’ breaklng stresses were t%erefore
gnite small, despite the small number of breaklng—load T e
versals, as shown 1n Table ILT

or

o) Inﬁer plece w1t10ut overhanb
qu mount1n~ of ‘thé inner p1 ce (WhICﬂ was unaarnec in
tlié - flrst test) "as a beam on two’ sv}portn, is shown *n' ig-

T‘ure 32. Sincé the stresses-at tie breaiag point ir the

first -test, alternated between —~2.8 and 19.8 kg/mm® (28,163
1b. /sq in.) ‘anéd "thierefore corxespoaded ‘closely to the ‘
stresses of "original “strength! (alternations between zero
aid a maximum valune), the inner viece was tested with re-
spect to its "orlbinal'gtréﬂgth“"” Figuf ‘32 shows the cal-
culation rof tke siuperposed static and ‘dynamic stresses,
wihtich, through an approrriate choice of the superp ozed stat-
ic load, fluctuated between zero aud a wazimum valve. The
princival numerical test data are &Jven in Table IV. The
beginning of the breal: is visible in Figure 26&. The bdbreal
started at a weld, which, howeveér, joined only the web and
flange and was therefore not affected by the neighboring 2
welas. ‘Although the materlal nad a’ strength of 125 kg/mm
(177,794 10 /sq.in.), the break occurred in the first vi-
br thA test after only 432,000 load reversals under the

very small- alternatl;o stress of GW = + 11.3 g/mm

(+ 16,072 1b./sq.ins) and '0g = 8:5 kg g/mm? (12,090 1b./
sq An.)- prelimimnary stress, and there ore at  a total altpr
aating stress of ~2.8 to 19.8 kg/um®(-3,983 to 28,153 1v./
sq.in.}; In the secoud vibration test, the complete breal:
occurred after 325,000 furtiaer load reversals with an alter-
nating stress of O to 19 Vw/mmz (27,025 1b./sq.in.) (pure
original stress). The two tests therefore agreed well. The
attained original brealing stress Gu}o‘:the spar, at tre
given: n31le strength 0, 6f the flarnge materlal GZ =
125 g /nm’2(177 794 1b. /sq ih ), was” onl“' ‘ o
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=229z . (about) 0.15 o,

125
2. étéel_gpar IT (riveted)
This spar was made of the same thin Swedish chrome-

nickel steel plates of 125 kg/mm® tensile strength as spar
I. The flange and web and the fittings were joined by

rivets.__Two_vibration tests were also made with this'spar.

a) Entire spar. The test arrangement is shown diagram-
atically in Figure 34. ' : '

) b) Overhang as beam on two supports. The overhanging.
part was not harmed at all in the first test, ‘It was also
provided at the tip with a'pin bearing and mounted as a
beam on statically determinate supports. Since the short
plece of spar had too high a natural vibration number for
the test, it was weighted with masses of lead securely at-
tached by screws. The installation corresponds to Figure 8
and the test results are plotted in Figure 3b. The princi-
pal experimental results for the entire spar and for the
overhang are given in Table V.

The breaking cross sections lay, in both tests, at the
point of the greatest alternation of tensile and compressive
stresses. The shifting of the stress picture by the super-
posed static load in the first test was not very great and
ig disregarded in the following discussion. The two tests
agree well. The alternating breaking stresses were:

Test 1, ©

15.4 kg/mm® (+21,904 1b./sq.in.) at 700,000

+
W —
load reversals, :

Test 2, Oy

1l

+ 16.0 kg/mm (+22,758 1b./sq.in.) at 58,000
load reversals ) '

The endurance vibration strength was therefore still
under

15.4 o = :
op .= HBE o, 0.125 GZ
Tith respect to the cross-sectional transition, the rivet-
iag, etc., the gpar was similariy dbuilt at both breaking

cross sectiomns. Hence the two breaks look alike, as shown
in Figure 35. Under the continuous flange, a reinforcing
plate began shortly before the row of rivets in which the
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breal occurred (first. rives . row) . The single rivet in the
middle of the flange Shows that the reinforcing plate con-
tinues toward the right. It terminates therefore at the
left near tihie three rivetg. ~Hencer :the.-break 'also runs
through the rivet edges 6f the main section on the left.
To the right of the rivets,é the main .section was rélieved by
the rein*orcement.‘ To the 1eft on the contrary, unfavor-
able strésses were produced at) the rivet holes in ‘the con-
tinuows ‘flange by the.transm;ss;on of the stresses to the
reinforeing strip. " Figure 37 shows the breal which devel-
oped equally in both directions from one of the tnree
~neighborifig rivets. = - : :

For the following reasons, the.first rivet: TOW af”ords
excellent places for the. dynamlc breal.and is ‘the cause for
the’ small alt ernatlng strength. :

1. 'The" relniorc1ng plate ends in a smooth section
crOst1se to the lorgltudlnal cor;uéatlons and does not ta-
per ‘to a point. It ends in .full width &t the firat row of
taree rivetsy Tne succeedlng rlvets are placed at louger
intervals ‘and are staubered.:-qu stress transumission from
the continudus flange to the reinforcing plate therefore
occurs chiefly in the first row of rivets. The first rivets
are thus very greatly. overstressed and there are very great
stress concenfratLons in the vicinity of ‘the rivet holes.
The .stresses "in t1e contlnuous flanges concentrate, even
without the force transmission. through the rivets, due to’
the effect of the holes on the r;vet -hole walls.,

2. 'The arrangement of three rivets in one cross sec~—
tion is detrlmenuql due. to the surerposing of the stress
conceatrattons. - ' ) . . .

3. The riveting is defective, dune to the profile
curvature a4t most of the riveting points. -The flange sur-
face is somewhat impaired by the pressure of the sharp
rivet edges, so that notch effects ‘are to be feared.

It i1s necessary to graduvate the stress transmission by
tapering the end of the plate and to avoid riveting in the
outer fibers of the flange corrugations. It is sufficient
to include the flange filling in the stagg ered riveting.
The reinforecing plates mvst then taper oat to two pojints.,
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3. Steel Lattice Spars

PRI

The spars described under & and b had plain webs.
The diagonals of the lattice spars, on the contrary, were’
each attached to the flange with the aid of fittings. The
flange material had a tensile strength of 75 kg/mm (106,676
1b./sq.in.). One of the three spars tested was mounted for
the vibration test with a superposed static load correspond-
ing to =ny = 1.3. (Fig. 38.) Table VI gives the results of
the four tests with the three spars, spar No. 2 having been
repaired after the first breal. Three forms of breaks oc-
curreq, as shown in Figure 39. ' :

First form.- The breaks of spar -1, 2b; and 3 were
alike. Eence only the break of spar 1 is shown in Figure
3%a. The break occurred in the first rivet row:of an over-
lapped joint and is attridbutable to the same causes as in
the case of the riveted steel spar II. (These plates were
not originally present in the tested spars, but were riveted
on, after the spars had been damaged in a static test. 1In
doing this, there -was no thought of using these spars for
the dynamic tests.) Despite the similar appearance of the
breaks, the breaking stresses differed greatly in the three
cases:

4.6 xg/mm® (+ 6,543 1b./sq.in.) after 2.29 X 10°
0oad reversals,

Spar 1. +
1

Spar 2b,. + 3.2 kg/mm> (+ 4,552 1b./sq.in.) after 1.88 X 10°
load reversals (and 5.13 X 10° load reversals
with smaller stresses),
Spar 3. + 2.4 kg/mm® (+ 3,414 1b./sq.in.) after only 0.46 X
10 ® 1oad reversals. ,

Second form.- The break of spar 2a (fig. 39b) began at
the first rivet of a joint fitting. Great stresses naturale-
ly occur at the rivets of such a joint, but nevertheless the
extremely small alternating breaking stress of 3.1 kg/mmz
(4,409 1b./sq.in.) after only 2.94 X 10 ° load reversals was
surprising.

Third form.- As shown in Figure 39c, the bresk of 214
proceeded from an injury (bulge) resulting from a previous
test. It is the only break in all the steel-spar tests,

which did not start at a rivet hole. At a high load-rever-

sal number, the alternating breaking stress was 3 kg/mm?
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(4,287 lb./sq.in;);fwhﬁe ratio of the alternating strength
Oy to the tensile strength of the material g, varied be-

Jtween. gy = 0.032 .0, and.Oy := 0.061 Oy rand. was there-
'fore very pOOr.- IR wite e

4. Duralum:n Latt1ce Spars _

. Two duralum;n 1att10e -sparg,. o _the same type as the

'_steel lattige spars, were tésted for their vibration '

,,,strenEth Roth -broke, :as-shown in Flgure 40 "at the same

.voint in the first riweét hole .of a JOlnt ftttlng (cf. flg.
39.1) and under the same stresses

| stat + 3. 8 kg/nm ; .

" one after 2.8 X 10G and the other after 0.37 X 10° load |

_ reversals. The stregses. attained are very small in compar-

.eilson w1tp the tensile strength off duralumin.;.of about 7, =
40 kg/mm® (56,894 1b. /sq 1n.)j..' : S :

= 2 .
| Odvn . + 1 8 kb/mm )

5. Wooden Spar I w1th Spruce Wlanges
a) Source a“d tvpe of spar

The spar investigated- was. taken from:a blplane which
in 1927 was subgected to a Case A breairing test, in which
the front spar was not damaged. Before tle beglnnlu; of
,tne test in March; 1930, : it was removed from.the -wing, -
"which had been. Lebt_ulll then in a hangar of the D.V.L.
without any special protection.

_ The wooden spar was . of tnestandard "box tvge. ‘The

fldnges were made of spruce and the webs of Birch plywood
with diagornal direction of the grain. Plywood w1tn ‘the
grain parallel -and perpendicular to the spar axls was glued
- to the out31de of .both f1anges.' Lo

b) Results of the V1brat10n test

The test arrangemeﬁt and resultq are shown in 17‘J.gures

24 and 41. The test results are given in Table VII. In
this test the ampl1tude was’ increased 'in four stages, uantil
the. break occu;red The stress varistion: along the spar

for the lowest loadlré stage is rerresented in Figure a1,
The spar broke after a total of 1.95°X 10° load reversals
on the inner day of the_lower flange in the most highly
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.stressed,cross_sectipp; at a point where the Quperposed

static stresses were very small. The breaking cross sec—
tion, which is very illuminating with regard to the dynamic
breaklng of a wooden spar, is clearly shown in Flgure 4?

The breal, beginning at' a, "hag at first the charac-~
teristics of a smooth contlnuous break (as if cut with a -
saw) and gradually grows rougher to the other side of the
spar and passes into the final static break. The same phe-
nomenon is also exhibited in the outer plywood layer.

Before the breazr the amplitude was about 10 cm (3.94-

in.) for the last dynamic loading stage Brax = 11.4 cm

(4.49 in.). Shortly before the compléete break, the ampli-
tude fell to 8.5 cm (3.35 in.). This was due to the in-
creasing enerzy absorption of the advancing break. Shortly
before the beginning of the break, the flange stresses were:

Upper flange. g = -240 kg/cm®(-3,414 1b./sqg.in.)(no break),
210 kg/cm? (2,987 1b./sq.in.)
240 kg/cm?® (3,414 1b./sqg.in.) (break
-210 kg/cm”(~2,987 1b./sq.in.)

Lower flange. O

c) Analysis of the results
Since it appears that the results agree extraordinarily
well with the expectation based on the durability of the
material, they will be described here in detail.

o) The durability O3 of - the material used.- The nunm-—

ber of load reversals, which a piece of material can with-
stand without breaking, depends on the magnitude of the al=-
ternating stresses. According to recent tests of the al-
ternating strength of wood, there is, with decreasing alter-
nating stresses, a rapid and uniform increase in the number
of load reversals which the wood can withstand without
breaking. Only when a certain alternating stress, the dura-
bility, is not exceeded, will no break occur, even at a very
high number of load reversals. The durabdbility of a material
hag therefore certainly not been exceeded if the material
has reached a certain critical number of load reversals.
This number was fixed for spruce at 'n = 2 X 10° by -the ma-
terial section of the D.V.,L.*, The durability of the ma-

*0. Kraemer, “Daoerh1eﬁeversucpe mit &61zern.' D.V.L. Re-
port 190. ZILuftfahrtforschung, Vol. 8 (1930), pp. 39-48,
and 1¢30 D,V.L. Yearbook, fp. 411-420.
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terial. was already eyceeded with the V1brat1on s*rength
Oy. = .about & 230 Vg/cna (3 3, 271 1. /Sq.lu.) ‘attained in

"I the v1brat1on enduratce test, of the spar at " n = 0.135 X

.10 ® oad reversals. . The du;abllwty o4 of the spar, ac-
pcorcldg to the results obta 1ned for spruce by the material
Tdivigién of ‘the D.V.L., appeared to be, about 20 per ceant
“below ‘the attained vibration otrength. Oy = 1+ 220 xg/cem?

(+ 3,271 1b. /sq in, ) at Oq = + 190 kg/cm‘3(+ 2,702 1b. /

sq.in. ) L o

5) The conpreselvp strenbth Ok " of the flange ma-

térigl.- ”he materials were tested in four.groups of ten
.gannles each. The compression cubes, with the dimensions
given in Figure 44, were cut from. the spruce flanzes as
shown in Figure 43. 'The results of the compression tests
are indicated in rlbure 44, The samples of group 2, meas~
‘aring 13.5 mm (0.53  in.) on’ an edge without plywood, yielded
~the highest mean value of o' = 439 kg/cwg (56,244 1D, /sq.¢n).
Tae streugth of the samples -of groups .3 and 4 is diminished

. by the plywood. " Since, in the cowmplete spar, the share of

T othe rlvvood in -the Whole cross section of the flange is

nearly the 'sdme-as in the 'samples of. group 3, the compres-
sive strength Ox = 420 kg/cm® (5,974 1b./sq.in.) will be
taltea as the basis for the further evaluations.

_ y) The moisture: content of the wood.- This was deter-
mined for -two ‘groups of flange plates of about 7.cm (2.76
in.) leugth both with and without plywood. In the dryiung
oven Doth groups yilelded a moisture content of 12 per cent
whlch is regzarded &s normal.

6) EXﬂected and attalned duraulllﬁv.~7Frqm “a and B
we. obtalq : .

’O" . [ N . .
. 94 190

L o= 228 = 0,452
.oy T ago - 0-45%

This agrees closely w1tn the Qaiues_of.OgJYQE = 0.40 to

- . 0.45 obtalned by AngstrOm in beénding spruce back and forth
~and with the values obtained by EKraemer, so that no impair-
ment of the durability of the flanges ‘resulted from the in-

, .cornoratlon of the materlal'ln tAe tox sper (dlsturbance of

the stresse~ in the ribs and -covering plates).
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d) Summary of the results

With continuous gluing which does not injure the ma-—
terial it could be expected that the endurance of the en-
tire structural part would agree with the material tests.
Since, according to recent material investigations, the
durability of spruce is about 45 per cent of its compres—
sive strength, the results of the tests of the structural
parts agree very well with the expectation. This agreement
shows that the method used, which gave such unfavorable re~
sults for metal spars, is free from objections.

8. Wooden Spar II with Piné Flanges

The structure of this spar was similar to that of spar
I. It was tested in the unused condition. Its structure
ig shown in Figure 6. The test results are given in Figure
25 and Table VIII.

Vii. SUMMARY

Experimental apparatus and evaluation methods were de-
veloped and tried for the execution of vibration-strength
tests with entire structural parts both with and without
sunerposed static loading. Altogether ter metal spars and
spar pieces and two wooden spars were subjected to vibra-
tion breaking tests. The wooden spars showed no diminution
in the durability of the flanges as compared with that of
the material used. The durability of the metal spars, on
the contrary, was only a fraction of the durability of the
material, due to local stress concentrations, which were a
multiple of the mean stresses involved.

The good results obtasined with wooden spars are at-
tributable to the continuous cross—-sectional transitions and
force transmissions and to the glued joints which did not
impair the material. The poor results of the metal spars
were due to the detrimental stress concentrations at the
abrupt cross-sectional transitions (fittings) in. the first
rivets or rivet rows and to the detrimental effects of the
working of the material on its nroperties.
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Further research is necesgary to determine how much
the dynamic strength of tlhe metal snars can be improved Dby
suitable constructive methods. Corresponding systenatlc
researcnes are belng 1nst1tuted bJ tne D.V L., .

Translated by Dw1ght M. Mlner;_
Natioral Advisory Oomm1tt
for Aeronautlcs.:”



TABLE II. Wooden Spar II. Influence values 51k (deflections) for making the calculation.
plotted in Pigure 26. Determined from static tests i

\Deflectlons a& | !
id (mm * 107 |
— 2 l 3 4 5 6 7 8 g 10 11
150 kg (330 1b.) \ !
on rib I | =
! ! =
2 7 0 11 | 14,5 17 @ 18 17 . 16 13.51 11 9 :
3 11 | 19 | 25.5; 20 31.51 31 | 29 25.5| =21.5| 17 >
4 14.5i 25.5] 24,51 41.5| 44 43,5 40.5| 36.5| 30.5| 24.5 - »
5 17 30 | 41.8! 50 54 54 | 50.5| 45 38 30
6 18 | 31.5) 44 B4 58.61 60 | 58 52 44,5| 35 P
7 17 l 31 | 43.5! 54 60 63 e | s7 48 38 Q,
8 16 29 | 40.z; 50.5 | 58 62 62.5 | 58 49 39 B
9 13.5 ] 25.5| 36.5; 45 52 57 58 54.5| 47 37.5 5
10 | 11 | 2L.5! 30,5 & 44.5] 48 49 47 44 35.5 e
11 |9 17 {54530 35 38 39 37.5| B35.5] 30 .
12 e 112 ¢y 17 21 | 24 26.5| 27 26.5! 25.5] 21 Y
13 3 | 6 , 9 {11 13 | 14.5, 14.5; 14 12.51 11 g
14 l 0 i 0 O i 0 I 0 : 0, O 0 0t 0 H
15 -3 l_.6 i-gss-11 113 |- 13.50 -15 | -14.5]| - 13.5! ~11.5 B
16 |~7 1-12 -1 i-22 |26 i-27 | -28.,5|-28 |-26 |-22 g |
17 |-10 i—18.5{—27 |-%2  [-37.5(- 40 | -4 [-41 |-39 |-24 H ;
18 .13 -25 |-36 —42.5 :~5o.5i- 53,5{ =57 ~55.5 | - 52.5| -44 =
10 |17 |82 46 |-54.51-63.5/- 68 | -7 |68 |- 67 |-53 2
20 |-20.5 [ -89 .-58.51-66 | -77 |- 82 | -88 | -£2.5|- 80,5 -6l o
21 (24,5 | -45.5[-65 |-77 [ -88.5'- 95 {-102.5:1-96 - 93 |-78 ©

435



TABLE II. (Cont'd) Wooden Spar II.

calculation plotted in Figure 26.

Influence values 51k

Determined from static tests

(deflections) for making the

Deflections at
rib (mmx1071)
e e AN\
150 ke (330 1b.) 12 13 |14 15 16 17 18 19 20 21
on rib
2 6 3 {0 |-3 -7 |-10 |-13 17 20.5 24.5
3 12 6 |0 |- 6 {-12 |[-18.5({-25 32 39 45.5
4 17 9 |0 (- 8.5/-18 =27 |-36 46 B5.5 65
5 21 11 {0 (-1l =228 |-32 |-43.5! 54,5} 66 7
6 24 13 |0 |[-13 |-2€ |=37.5{-50.5] 63.5| 77 88.5
7 26.5] 14.,5|0 | -=13.5i-c? -40 |-B3.5! 68 82 85
8 27 14.5{0 |-15 |(-28.5|-42 |-87 73 88 102.5
9 26.5! 14 |0 1-14.,5!-28 |-41 |-55.5| 68 82.5 96
10 25.5; 13.5|0 |-13.51-26 -39 |-52.5, 67 80.5 g3
11 21 {11 0 {-11.5|-22 '-34 -44 55.5| 67.5 78
12 16.5! 8.5|0 |- 9 1-17 [-24.5 -33 44 53 61
13 8.5 4.5/0 -5 (-9 {-13 |-18 22.51 27.5 31.5
14 0 0 |0 0 0 0 0 0 0 -0
15 -9 -5 0 5 11 16 | 19 24 29.5 34
16 -7 -9 |0 11 22.5 35.5| 48 61 74 85.5
17 -24.51-13 |0 i6 35.5) 57 80 1102 125 145
18 ~33 |-18 [0 19 48 g0 112 |145.5| 179 211
19 -44 1-22.5]|0 <4 61 (102 [145.51190 231.5 275.5
20 -53 1-27.5(0 29.5{ 74 1125 1179 [231.5 290 345.5
2l -6l 1-31.510 24 85.51145 {211 1[275.51| 345.5 408

.V.O.V.N
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Point of
failure.
Test 1 ™
Lower flange i!
' N
Upper flange N
i \\\
Breaking noint Cross
Test 2 section 12

TABLE III. Steel Spar I. Results of endurance tests with whole spar.- Load reversals and
" gtresses in the most unfavorable cross section and in the breaking cross section

| Max. Flange stresses
Time! Fre-~ ! ampli-i Flange |—
quency tude | in max. stressed section 12 at point of failure
a. stat}ﬁidynamicl suvernosed stagig_gynamig_ supg;p9§§g_
Min |1/min pam kg/m |kg/mn® | kg /rnd kg /mi kg /o
: upper - 8.5 |F 4.0 |-12.5 - 4.5 -9.0 |T 4.1 (-13.1]|-4.9
180 | 980 3.2 | lower +14.4 |+ 6.6 |421.0 |+ 7.8 +8.5 |1 6.1 |*+14.6/+2.4
4.44 |UPPET - 8.5 | 5.5 |[~-14.0 |- 3.0 -92.0 I¥ 5.7 |-14,7/-3.3
450 1 980 ; lower +14.4 |+ 9.2 |+23.6 |+ 5.2 +8.5 |4 8.5 {+17.0f O
°  lupper - 8.5 |¥ 7.3 1-15.8 - 1.2 ~9.0 [¥ 7.6 | -16.6{+1.4
; 5.9 |1ower +14,4 (£12.2 |*26.6 |+ 2.2 F8.5  |411.3 |+19.8]-3.8
_ failure) i Breaking stresses
Total reversals n = 618,000

'V.O'v.ﬂ
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TABLE IV. Steel Spar I. Inner bay without overhang. Load reversals and stresses in the most
unfavorable cross section and in the breaking cross section

Section 6

Lower flange ! ' |

|
_-_'xi__ ,l : =

, Upner ' !
flange Point of !
failure
. Number |Max. Flange stresses
Time| Fre- of jampli- | Flange
quency {rever-tude in max. stressed section 12 at point of failure
w sals staticidynamic superposed static| dynamic|{ superposed
1 2 ke [r | kg /um® kg [mn ke fm” | kgfmn® | kg /ma
Min |1/min cm ’
/ —_— —
N ~ upper +5.3 |*6.,5 |~ 1.2 +11.8 +6.0 |+5.0 [+1.0|+11.0
180% | 980 | 177,000 lower -~ 7.0 |+ 3.4 |~-3.6 -10.4 ~7.0 |[+2.5 [~ 4.5 }+ 9.5
upper + 58 [F9.0 |-3.7 +14.3 +6.0 |[¥ 7.0~ 1.0 [+13.0
= lower - 7.0 i+ 4.7 |-2.3 -11.7 7.0 |+ 3.5 |- 3.5 |~10.5
*| 9 441 = =
450} 980 | 442,000 upger + 5.2 312,01~ 6.7 +17.3 +6.0 |F9.3 |- 3.2 |115.3
lower - 7.0 |+ 6.2 |- 0.8 -13.2 ~7.0 |+ 4.6 |- 2.4 |-11.6
_ upper | 0 !+ 6.8 |+6.8 ~ 6.8 0 + 6.2 [+ 6.2 |~ 6.1
951,400 | 183,000{ 1.5 |y | o iFa4 (-4 + 40 0  |58.7(-38.7 |+3.7
N upper | +10.0 (T 7.3 H17.3 + 2.7 +92.3 |+ 6.6 1415.9 |4 2.7
571,400 1 81,8001 1.6 1 0 on - 6.0 iy 4.3 1.10.3 - 1.7 ~5.5 1T3.9 [~9.41=1.6
upper +10,0 |+ 9.1 +19.1 + 0.9 +9.3 |+ 8.2 [+17.5 |- 1.1
601,400 | 64,000} 2.0 |y on - 6.0 [T 5.4 |-11.4 - 0.6 5.5 |T 4.9 [-10.4 |- 0.6
upper +10.0 |+ 9.6 +1%.6 + 0.4 +9.4 14+ 8.7 {+18.1 {4 0.7
2.1 |lower | - 6.0 |¥ 5.7 i-11.7 - 0.3 ~-5.5 (¥5.2 1-10.7 |- 0.3
35]1,400 | 49,000, to | upper +10.0 |+10.7 H20.7 - 0.3 +9.3 1+ 9.7 [+19.0 [- 0.4 |
(untili 2.35 | lower - 640 I-F 6.4 1-12.4 + 0.4 ~5.5 |+ 5.8 |-I1.3 |+ 0.3

£as
Total reversgii™® — 935, 800
*Load reversals and stresses suffered by middle section of spar in first test.

.V.O.V.N
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TABLE V. Steel Spar II. Whole spar and overhang.
Load reversals and stresses in treaking cross section.

—
a9 .
s} o i
o @] Q
P:é); ((g-ar-: &) &0
oo O = 5] o
]S O e Al o
Mm|o w & LX) Qe
3 587
// e \\ . o !
R S . |11 R
ro2 4 6 8 | 1o-. 12—i4 16 1820
' Rib ’ \t\\ \I‘\\\- B /
TS
1\ | \.\
‘8, =1.6ei \\
N S Apgx=R. SCm
a'ma.x=4 4era
Numver | Max. T R . ; ‘
Mest | Fre— of |ampli- | Flange bresking cross section 1 Eresking cross section 2
guency!rever-| tude
l :
sais a staticidynamic| superposed | static|dynsmic| superposed
- 2 2
1/min 106 cm kg/mm?}kg/mmz kg /mm kg /mm kg/mmg kg/mm?
4 -
. o " #pmer -8.,6 1 19.0 | =17.6 | +0.4 ~11.4 | ¥5.2 | ~16.6 | -6.2
faole| 940 (2.15 2.5 lover | +1.6 1 *8.1 |+ 9.6 | 6.5 | +11.4 | 35.2 | -16.6 | +6.2
upper 8,6 | +15.4 | -24.0 | +6.8 -11.4 | 8.9 |-<0.3 | -2.5
spar | 925 10.70 |4.4 lower | +1.6 |£13.5 | 115.5 | —12.3 | +11.4 | 38,9 |420.3 |+2.5
Piece upper - - - - - F16.0 - -
8 |1. _
of 1,600 0.058 11.6 lower - - - - - +16.0 - -
spar |

.V'O.V.N
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TABLE VI. Steel Lattice Spars
Load reversals and brezking stresses.
- - - Location of breaking voint. (Fig. 39.)
Load Stresses in breaking section| Breaking point
Spar rever-
number | sals static [dynamic|superposed |Location|Picture
10° kg/mmz kg/mmz kg/mmz '
+4.5
1 2.29 -0.1 +4.6 -4.7 plate a
g 2,83 - +2.4 - -
© 0.314 - ¥3.1 - joint P
break 1| dbreak 2
2.9 - il.’? i1-8
2b 2.23 - +2.1 +2.3
2) platellize a
1.88 - +3.0 +3.2 1) imn
E bulge c
3 0.46 - +2.4 - | plate|like a
Breaks 1 and 2 occurred simultaneously in spar 2b.




TABLE VII. Wooden Spar I (Soruce). Load reversals and stresses in breaking cross section =

i =

Numberi Max. | Flenge stresses in Tem- |(Relative .

Time |Freguency of |amyli-~ |} Flenge breaking cross section rer- (humidity .
T rever-! tude : i ature [of air :.p
sals stetic|dynamic | superposed per cent 3
n a 2 2 2 f‘}b -

min 1/min cm kg/_cm ke /cm kg/cm °g 2
Prelim- ' | _ E
inary about i o
test 1.03%.. upner - - - - _ B =
96 |1,020-1120| 10° |1.85 lower - - - - -
11.25% wer 15 | 775 |-290 | +60 B
B + l

1,005 1,120 105 3.85 lower +15 + 75 + S0 . - 60 4 to 9.4(62 to 76 g
a w

j 6.00 < upper -15 F125 | -~140 | +110 4
565 | 1,080 |- 305 [6.40 | j0n.- +15 | #125 |+140 | -110 |7 t0 12.8) & £
1.35% ' : -15 FRR5 | -240 . +210 | =

= | upper . 2

150 1,095 105 |11-40 lower | +15 1225 | 4240 | -210 1 | % N
Total reversals: n = 19.63 x 1O5 o

[Ne]

Q©

i%4



TABLE VIII.

Wooden Spar II (Pine)

Load reversals and stresses in breaking cross section

1 \ 18 20
\i\
20 \\C\
20 \s
40 Bend ng lines »
Max. | Number i
Test|Load! empli-|Fre~ of Flange Max. stresses
tude |{guency|rever- y
Brax sals i at rib 6 at rib 8 at rib 15 Remarks
- w n . stabigidynamic | static dynamig| static dynamig '
Bp i mm |1/min 106 | ke/cn® | kg/en® | kg/emf | kg/em® | kg/emt | kg/c
/ - — —
‘ upper +72 | F10¢ +44 | ¥96 - 55 +24
ejl.8 1 44 11,05 8.0 lower | -63 | t54 | ~59 |+66 |+75 | +3z | DO breek
312.0 66 |1,075 12,024 upper +110 | T1a3 + 67 § Fl44 - B85 + 36 b
’ lover | -96 |*tel | -90 |to9g [+115 |+a49 | PO Oresk
= w ‘ 7 +e7 175 -110 | T 44
4a{2.6 | 80 |1,075 |1,946 | pper | H143 1 5198 F T b
2 ’ : lower | -125 | * 99 _117 | +120 | +149 | +s9 S O Preak
143 | 3207 +87 ! Fla | -11 F 46 | (Breakx 1
4bi2.6 9 5|2 pper * i 7 e 10 T4 near unbalsance
. 0 |1,035 | 2,534 N N y
lower -125 | 1103 -117 | T125 | +149 | k68 |§hortly after
peEinTaIE OFp
oc ur g 1m—_
@er repa ring.)
upper +143 | 3245 + 87 | 216 -110 ¥ 54 ?Okg at be-
4c|2.6 1110 1,020 | - lower | ~125 | +122 | -117 |+148 |+149 |+ 73 |gimming near
— unbalance.)

OV.O.V.N.

*ON WNPUBIOWSN TBOTUYDSJ
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N.A.G.A, Teqhn;cal'lqmoranqum No.698 Figs.1,2,5a,9

Figure 1l.-Double unbalance.

Figure S5a.-Suspension
device for
superposed static load.

Fiéﬁre 9.-Piece of spar as beam

Figure 2.-Vibrating spar tip with
superposed static load.
Spar 1. Exposure, 1 sec. The am-
plitude is read on the test
wedges, outwardly 5.4 em(2.13 in.)
Superposed static load at rest.

e rage “RMEEA [ 'l‘r""{""“ v
g!'m' e AL TP TR

Iry
P L

on two supports.
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N.A.C.A. Technical Memorandum No.698 Figs.3,4

——————— Amplltude line 2 reduced to the maximum value
of the. optical amplitude line 1.

/G'
10 .
g el j__;EL_‘\\O
g Z . S G
e e
5 'g 5~ O
[0
—~
oy
A
Q

Figure 3.-Comparison of bending lines in vibration, as measured by test
wedges and optographs. Steel spar I. Inner field.
1, Obtained with test wedges.

2,3 With optographs before bheginning of brealk.
u n 1

4,5 " n after
160~ |
4
/1
140 f!
/ Load-elongation line
120 food —-—Tangent for test load
+ / |--+-Load elongation line
|/ according to endurance
S S S A A
Bp 100 1 7 test.
- A
g 8O A
3 ;
60 - /;T"I - -
f//;///
A0 |t
'_l+‘
<0

0 20 40 60 80
Elongation,%

Figure 4.-Load-elongation line of the rubber cord used for the super-
posed static load. Diameter 17 mm (0.67 in.) Number of strands

800.
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| s |
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t =0 g = 20
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Figure 5b.~Diagram of the vibration phenomenon.

a, Diagram of spar
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c, Superposed static lgdﬁ and additional loads
- ~—-Additional load
LTS =} i“r;;Adalulonal load
i
i
Preliminary load

d, Addltlon 1oads il“%_ogwﬂq_grgoged”static load

ad

preliminary

o
—
—

)

=]

e)

.
4o
o
3
=

6.

~Additional loads due to the stiffness of the
rubber cord. Wooden spar II.

FTigure




Memorandum No.698 Figs.7,8,10

Figure 7. -Vibration test‘with superposed static load Wooden
spar II (vibrating). Double unbalance at the left
and behind it thre direct-current motor with tachomete::

"‘“M 4 ﬂ@" %

Figure 10-
Endurance-
tesgt
apparatus
for

struc —
tural

arts
35,374 1b.
apparatus)




N.4.C.A. Technical Mem
v =

ments for  Figure 12,-Former endurance-test
smeasuring apparatus. Two struc-.
jthe vibra- turpl parts are being tested

tion eimultaneously. A spar fitting is

Tt

Iforces in pounted at the support A. (See
the support yig.13) A connecting rod is mount-
ed at B.

Figure 14.
Vibration
device in

operation.
Apparatus
for test- 5
ing a 5
sphericel head,
bolt.
Arrangement
with super~
posed static
load{orig- :
inal strength) ;

g

Figure.i3.~ connect-
. ing rod is mounted at B.

Figure 15.-Tegt results with the vibration apparstus. Breaks of bolts with
spherical heads. a, Break on an sirplane in flight. b, Break from simple
alternating loading in laboratory. ¢, Break produced in vidbration test of
original strength in laboratory.
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N.A.C.A. Technical Memorandun No.698 Pigs.156,19,21,22

n,.‘ m m
2%
2

ol

3
S
&~ -4
5 o & - wi O
Figure 16-Steel spar I. Static-test M.m.
-installation. Leveling = o
instrumnents,measuring strips, x M

«auuosa«au.u .

tengons it
o d
-
Figure 19.-.Stesl spar I. Sceratch- 8 e
instrument record. 2=
‘mmﬂ.ﬁpama»cu about 150 uo‘wa.. . a
%
g
o
£

120 fold

.-Connctirod‘ teat
loading and superposed vibrations.

it A, ﬂm‘b,s;-.

Pigure 22

. Scratch record.
Magnification about 130 fold.
1l mm = g force of 6380 kg in
connecting rod.
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Ten-

Figs. 17,18
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Figure 17.- Steel gpar I. Installation for vibration test with
scrabtcih— instrument measurements. '
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Figure 18.- Steel spar I. Test results. Determination of accelerations

and dyanamic stresses.

w =980/min. ay = 4.4 cm(1.73in.)
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150 <t M /) X, Added lead masses
ﬁ D g Y, Preliminary load
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o 100 38 ISP
ks Ke/m | mm “M\\ AT (a) Weight distribution
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Figure 20.- Endurance test of a connccting rod. Determination of
the incrtia forces from the bending line of the lever.
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Tigure 23.- Wooden spar I. Arrvangement for static and dynamic
tests.,
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(a) Load distribution, preliminary static test.
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Fig. 25 Wooden spar II., Static and dynamic loading.

Determination of stresses.




Figs. 26,27,29

N.A.C.A. -Technical Memorandum No. 698
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Fig. 26 Wooden spar II. Vibrations bending
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Tigure 31 = Figure 33 ;
Stesl- apar I. Steel spar II.
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(a) Test arrangement
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static stresses at w= 1120/min and a_, . = 3.85
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Pig. 43 Vooden spar I. Location
of compression cubes cut
from flange.
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Fig. 44 Wood spar I. Compressive strength of flange material
(from compression cubes). The numbers at the left
show how many of the ten samples attained the correspnnding
compressive strength.
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